Abstract. Based on Kalman filtering theory in the time domain and Jordan decomposition theory for matrixes, descriptor systems can be changed into normal systems. Then an optimal descriptor Kalman filter is given. Compared with the previous results, it avoids the calculation of ARMA innovation model and white noise estimators. It is a simple and recursive algorithm. It is suitable for real time applications.
Introduction
Descriptor systems are often seen in such fields as circuit, economics and robotics, thus receiving more and more attention. Documents [1~3] present descriptor steady-state Kalman estimators whose drawback is that the optimal estimator is unavailable when observation data are limited. Although the document [4] presents unsteady-state descriptor Kalman estimators, the calculation is huge because the algorithm is based on ARMA model and white noise estimators. In this paper, Jordan decomposition for matrices is used to change a class of descriptor systems into normal systems and Kalman filtering theory is used to introduce a kind of optimal descriptor Kalman filter whose algorithm is recursive and easy for real-time application.
Consider the discrete time descriptor stochastic system
where the state [ ]
where E is the expectation, T denotes the transpose,
The normalization of a descriptor system Lemma 1. If the rank of the n n × matrix M is m , that is m M = rank , then the matrix M has at least m n − zero characteristic root [5, 6] . Lemma 2. In the system (1), (2) , if the matrix M has k zero characteristic root, then there exists an invertible matrix F such that 
when 0 1 , (2) can be changed into the following normal system 
[ ]
Proof. By the Jordan canonical matrix theory [6] , if the matrix M has k zero eigenvalues, then there exists an invertible matrix F such that by the last equation of (4). Substituting it into (4), (5) yields the normal system (9), (10).
Descriptor Kalman filter
Lemma 3 [7] . The discrete time stochastic system
have the following Kalman filtering equations under Assumptions 2,3
where
(25) From Lemma 1 and 2 we have Theorem. The descriptor system (1), (2) have the following Kalman filtering equations under Assumptions 1~3
where r R and r S are given by (37), (38). From Assumptions 3 and equation (15) 
Conclusion
In this paper, Jordan decomposition for matrices is used to change the descriptor system into the normal system in the first place, and then Kalman filtering theory for the normal system is used to introduce a new descriptor Kalman filter whose algorithm is recursive and simple, making it suitable for real-time application.
